Two patients with metabolic disorders presented with clinical and radiologic features suggestive of sporadic Creutzfeldt-Jakob disease (sCJD). Case 1 was a 50-year-old man with rapid decline in cognitive, behavioral, and motor function following new-onset seizures. MRI was read as consistent with CJD, and he was referred for a treatment trial, but it was determined that he recently experienced rapid correction of hyponatremia resulting in extrapontine myelinolysis. Case 2 was a 66-year-old woman with poorly controlled diabetes mellitus who was found unconscious after a suspected insulin overdose. Examination showed altered mental status and neuroimaging was remarkable for cortical/striatal hyperintensities suggestive of sCJD. On autopsy, she had hypoglycemic/hypoxic nerve cell loss. Although characteristic MRI findings have high sensitivity and specificity for sCJD, potentially reversible metabolic disorders sometimes present rapidly and can resemble sCJD both clinically and radiologically. These cases highlight the importance of establishing a broad differential diagnosis when evaluating a patient with suspected sCJD. S poradic Creutzfeldt-Jakob disease (sCJD) is a fatal neurodegenerative prion disease usually presenting as a rapidly progressive dementia (RPD) with cognitive, behavioral, and/or motor dysfunction. Potentially treatable autoimmune and metabolic processes may mimic sCJD both clinically and radiologically. 1, 2 We have noted in our CJD clinical research program that as many as one-third of cases referred for suspected sCJD have a nonprion diagnosis. 3, 4 Other prion referral centers have also found many misdiagnoses among suspected CJD cases. 2 We discuss 2 patients initially diagnosed with sCJD based on clinical presentation and MRI findings who were later determined to have potentially reversible metabolic causes for their conditions. One patient had extrapontine myelinolysis following rapid sodium correction for hyponatremia and the second had encephalopathy secondary to insulin-induced hypoglycemia and seizure.
S poradic Creutzfeldt-Jakob disease (sCJD) is a fatal neurodegenerative prion disease usually presenting as a rapidly progressive dementia (RPD) with cognitive, behavioral, and/or motor dysfunction. Potentially treatable autoimmune and metabolic processes may mimic sCJD both clinically and radiologically. 1, 2 We have noted in our CJD clinical research program that as many as one-third of cases referred for suspected sCJD have a nonprion diagnosis. 3, 4 Other prion referral centers have also found many misdiagnoses among suspected CJD cases. 2 We discuss 2 patients initially diagnosed with sCJD based on clinical presentation and MRI findings who were later determined to have potentially reversible metabolic causes for their conditions. One patient had extrapontine myelinolysis following rapid sodium correction for hyponatremia and the second had encephalopathy secondary to insulin-induced hypoglycemia and seizure.
Case 1
A 50-year-old right-handed man with a history of chronic alcoholism, hypertension, hypercholesterolemia, and hepatitis C presented with nausea, vomiting, and diarrhea over a 3-day period. His medications included lisinopril, prednisone, rosuvastatin, metroprolol extended release, and hydrocodone. He was diagnosed with the flu by his primary care physician and decreased his alcohol consumption while increasing his water intake to maintain hydration. One week later, he had 2 generalized tonic-clonic seizures and was admitted to a local intensive care unit with encephalopathy and hyponatremia. A brain CT scan was unremarkable. He was encephalopathic for several weeks but was eventually discharged home. He had episodic memory loss, slurred and halting speech, executive dysfunction, gait imbalance, and myoclonus of the hands and trunk. Behavioral symptoms included emotional blunting, violent outbursts, delusions, and hallucinations, resulting in 3 psychiatric admissions over the next few months. Approximately 2 months after symptom onset, his first brain MRI showed T2 fluid-attenuated inversion recovery (FLAIR) and diffusion-weighted imaging (DWI) bilateral striatal hyperintensities with corresponding hypointensity on apparent diffusion coefficient (ADC) map, suggesting restricted diffusion and T1 hyperintensities in bilateral globus pallidi ( figure 1, A-D) . Based on his symptoms and the brain MRI, he was referred to our CJD treatment trial with a diagnosis of sCJD.
At our center, 3 months after initial onset and presentation, surprisingly he had improved remarkably, demonstrating intact alertness, language, and gait but with questionable simultagnosia, mild dysarthria, and slowed and irregular finger taps on neurologic examination. Cognitive evaluation revealed 28/30 on the Mini-Mental State Examination (MMSE) (missing points for place and county), diminished phonemic verbal fluency (10 d words in 1 minute), normal semantic fluency (21 animals with 2 repetitions in 1 minute), slowed processing speed, and working memory deficits. He repeated 6 digits forward and 4 digits backward, and on the Symbol Digit Modalities test he scored 35 correct in 90 seconds, both of which were below expectation for his age and education. On the Alzheimer's Disease Assessment Scale-Cognition (ADAS-Cog), he showed slight impairment on memory and visuospatial tasks with mildly slowed processing speed.
At our center, a thorough laboratory evaluation for causes of RPD [4] [5] [6] was unrevealing. This included erythrocyte sedimentation rate, antinuclear antibody, anti-neutrophil cytoplasmic antibodies (ANCA), rheumatoid factor (RF), paraneoplastic and related antibodies (CV2/CRMP-5, ACh receptor, PCA-Tr, ANNA-3, PCA-2, anti-Hu [ANNA-1], and amphiphysin), antivoltage-gated potassium channel complex [VGKCc] antibody, anti-thyroperoxidase antibody, anti-thyroglobulin antibody (TG), anti-gliadin antibodies, anti-tissue transglutaminase (TTG) antibodies, Lyme antibody, rapid plasma reagin (RPR), and 24-hour urine for heavy metals. CSF analysis showed 61 red blood cells (RBCs) and no white blood cells (WBCs), with normal protein and glucose levels. CSF 14-3-3 protein Western blot (WB) was ambiguous (National Prion Disease Pathology Surveillance Center [NPDPSC], Cleveland, OH), neuron-specific enolase (NSE) was 13 ng/mL (,15 normal; Mayo Laboratories, Rochester, MN), and total tau was normal at 414 pg/mL (Athena Diagnostics, Worcester, MA). His second brain MRI, 1 month after the first, showed resolution of the prior hyperintensities with no restricted diffusion (figure 1, E-G). The T1 hyperintensities of the globus pallidi remained, however (figure 1H). Given his clinical and radiologic improvement, sCJD was thought to be highly unlikely. A thorough review of outside medical records showed that at his initial hospitalization postseizure, his admission sodium was 106 mEq/L, which declined to 102 within 3.5 hours and was corrected to 130 in less than 36 hours. The FLAIR and DWI findings, with resolution, along with the clinical history of rapidly corrected hyponatremia, were therefore felt to be consistent with extrapontine myelinolysis (EPM), his ultimate clinical diagnosis.
Case 2
A 66-year-old right-handed woman with a history of poorly controlled insulin-dependent diabetes mellitus, hypothyroidism, and primary biliary cirrhosis was found unconscious from a suspected insulin overdose by her neighbor after reportedly being at baseline the day before. The patient had a history of poor compliance with respect to her insulin, and a friend had expressed concerns about her ability to self-administer the drug. Her blood glucose level in the field was 99 mg/dL according to the emergency medical technician report. Her other medications included insulin glargine, insulin aspart, levothyroxine, spironolactone, rifaximin, ursodiol, propranolol, and alendronate. She eventually regained consciousness at an outside hospital where she remained for 2 weeks due to persistent altered mental status. During her first 3 days of admission, her blood sugar ranged from 96 to 366 mg/dL and then subsequently dropped to hypoglycemic levels of 25 and 42 on the fourth and fifth days of her hospitalization. Neurologic examination was nonfocal, but she manifested persistent signs of confusion characterized by using her telephone as a television remote control, difficulty managing her insulin treatments, and increased sweets consumption. figure 2 , A-C). She had gradual improvement in her cognitive function during the hospitalization, so she was discharged home to the care of a friend 2 weeks after admission. She still displayed intermittent confusion and disorientation, however, even to self. For example, after being dropped off for a follow-up brain MRI, she became lost and denied her actual name when questioned by security personnel. A second MRI approximately 3 weeks from onset showed continued cortical ribboning but reduced left caudate DWI and T2/FLAIR hyperintensity and possible new reduced diffusion in the right caudate head and anterior putamen ( figure 2, D-F) . Based on the rapid onset of cognitive impairment, elevated CSF biomarkers, and characteristic MRI findings, she was diagnosed with suspected sCJD and referred to our sCJD treatment trial.
At our center 1 month after onset, her friend reported continued cognitive and behavioral improvement since discharge, such that she was about 85% back to her baseline. Neurologic examination was only remarkable for bilateral snout reflex and a wide-based gait. Despite a normal MMSE score (30/30), formal neuropsychological testing revealed both verbal and visual memory impairment along with frontal-executive dysfunction. CSF showed 1 RBC, no WBCs, normal protein and glucose, positive 14-3-3 protein on WB (NPDPSC), and elevated NSE of 79 ng/mL (.35 consistent with CJD; Mayo Laboratories). A third MRI, 1 month after symptom onset, showed possibly more intense DWI cortical ribboning and greater right caudate head involvement with no significant change in left caudate head and maintained sparing of the putamen (figure 2, G-I). Given her overall clinical improvement and her radiologic findings, she was diagnosed with hypoglycemia-related encephalopathy with MRI abnormalities secondary to seizure vs hypoglycemia.
She returned to her home under the care of her friends. Unfortunately, she experienced a second hypoglycemic episode within several weeks, resulting in coma followed by death 5 weeks later. Brain autopsy revealed hypoxic/hypoglycemic nerve cell loss, reactive astrocytosis (glial fibrillary acidic protein stain), and activation of microglia (CD68 antibodies) in multiple brain regions, including all cortical regions, CA1/4 hippocampus, entorhinal cortex, deep nuclei, cerebellar Purkinje cells, and dentate nucleus. There was also evidence in similar regions for acute ischemic necrosis and Alzheimer type II gliosis (consistent with hypoxia) in gray matter. Although there were many cortical regions of vacuolation (spongiform change), the pattern of vacuolation was felt to be different from that seen in prion disease. Furthermore, 3F4 antibody staining by hydrolytic autoclaving method revealed no evidence of prions. 7, 8 The findings were not considered consistent with prion disease. 
DISCUSSION
The diagnosis of sCJD is particularly challenging due to the variety of mimics. [2] [3] [4] [5] 9 Brain MRI is a critical diagnostic tool with higher sensitivity and specificity than traditional biomarkers such as CSF 14-3-3 protein and EEG. 10, 11 FLAIR and DWI sequences typically demonstrate hyperintensities involving the cortex, striatum, and/or thalamus. 12 The combination of DWI and FLAIR sequences has at least 91%-92% sensitivity and 94%-95% specificity for sCJD. [10] [11] [12] [13] Furthermore, the addition of ADC sequences may further increase imaging sensitivity. 11 In case 1, the patient had isolated striatal FLAIR/DWI MRI lesions (found in about 5% of patients with sCJD), 11, 12 whereas the second patient showed signal changes in both cortical and subcortical structures (found in about two-thirds of patients with sCJD, 11, 12 although this varies based on sCJD molecular subtype). 14 Both patients were initially misdiagnosed with sCJD and later found to have reversible dementias resulting from 2 separate metabolic disturbances, EPM and hypoglycemia. EPM results from overly rapid correction of hyponatremia, sparing the pons and affecting the basal ganglia, internal capsule, white matter, corpus callosum, hippocampus, and cerebral cortex. 15 Postmortem studies have revealed circumscribed striatal demyelination. 16 Presenting symptoms of dysarthria, rigidity, bradykinesia, dystonia, and akinetic mutism may be confused with sCJD. 17, 18 Acutely, MRI shows T2 hyperintensities that resolve over months and T1 hypointensities that convert from initial decreased signal to increased signal during the subacute stage. 15, 17, 18 The T1 hyperintensities are thought to result from damage to the vascular endothelium or lipid deposition secondary to myelin injury. 17 Symmetric striatal FLAIR/DWI hyperintensities have been reported in a patient similar to case 1, a chronic alcohol abuser with osmotic demyelination from rapid correction of hyponatremia. 19 Sustained hypoglycemia may result in clinical syndromes characterized by weakness, confusion, seizures, and coma, 20 and imaging findings of cortical (insular, temporal, and occipital), basal ganglia, and hippocampal FLAIR/DWI hyperintensities with restricted diffusion and relative sparing of the thalamus. 19, 21 Although our second patient's symptoms were confined to memory and executive function, her MRI revealed both cortical and subcortical FLAIR and DWI hyperintensities that were suggestive of prion disease. Persistent MRI changes lasting 8 days to 1 year involving the cerebral cortex, caudate, lenticular nucleus, substantia nigra, and hippocampus have been described in persistent vegetative state due to hypoglycemia. 22 In addition, white matter abnormalities can be found in structures such as the internal capsule and corpus callosum. 20 Another, perhaps even more likely, explanation for her MRI findings is seizures, which are well-known to cause temporally limited restricted diffusion in the cortex and deep nuclei. 23, 24 There were features of both cases that, especially in retrospect, were inconsistent with the diagnosis of sCJD. The very acute nature of the onset in both suggested against a sCJD diagnosis, although acute onset has been reported in sCJD. [25] [26] [27] [28] Case 1 had profound hyponatremia on admission, which, along with his pattern of alcohol abuse, should have raised the possibility of a metabolic etiology. Case 2 showed considerable clinical improvement after her initial admission, a course that would be extremely unlikely in the context of prion disease, which is usually characterized by intractable decline. Case 2's MRI findings were not as prominent as those often seen in CJD, 10, 11 especially in the deep nuclei; nevertheless, they were felt to be somewhat concerning for CJD by physicians very experienced with prion disease. The cortical ribboning in the occipital cortex, however, resolved between the first and second scans, whereas generally in sCJD the DWI abnormalities progressively worsen over time (except in prolonged cases when these abnormalities may disappear due to brain atrophy). Lastly, in case 2 some of the regions with more consistent cortical ribboning serially, including the frontal and insular cortices, are regions that are sometimes problematic for CJD diagnosis, as they are known to be susceptible to artifact. 13, 14 Despite these considerations, the clinical and radiologic findings in these cases probably were sufficient to warrant the inclusion of sCJD in the differential diagnosis. Furthermore, the CSF findings in case 2, especially the extraordinarily high level of total tau and all CSF biomarkers testing positive, were even more suggestive of prion disease according to some studies, 29, 30 although this is controversial. Both cases illustrate the clinical and radiologic overlap of metabolic disorders with sCJD as a cause of RPD. Our experience has shown that an extensive metabolic workup, repeated clinical follow-up, and serial MRIs are particularly useful for distinguishing a reversible metabolic encephalopathy from a fatal prion illness. Thus, clinicians should always consider the possibility of treatable metabolic etiologies when evaluating a patient with suspected sCJD.
